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* OnlJune 6, 2017, the 2017 NIST Tandem Mass Spectral Library was released.
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Electrospray lonization Tandem Mass Spectral Library
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e What?
A collection of tandem mass spectra
 Why?

Mass spectral library searching is a fast, accurate and reliable
compound identification technique for LC/MS/MS data.

 Why NIST Library?

¢ High quality
s Comprehensive
*»* Reference
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Procedure of Extending the Tandem Mass Spectral Library

Authentlc compounds]

lon Trap (IT, IT-FT) l
Collision Cell (HCD Analyzed on Orbitrap Elite

[Spectra of MS?, MS3, MS?4, isotopic precursors, in-source fragments]

Density-based clustering 1 |dentify precursors of MS? spectra

[MS2 spectra with the same precursor ion]

Dr. Pedatsur Neta
Top-down hierarchical clustering 1 Cluster spectra of MS?, MS3, MS* i

[COI’]SEHSUS spectra]

Quality control 1

MS?! and MS2
resolution:
30,000

Precursor accuracy
Purity

Peak intensity
Fragmentation

Manual inspection
(expert evaluation)

Tandem mass spectral library

X. Yang, P. Neta, S. Stein. Extending A Tandem Mass Spectral Library to Include MS? Spectra of Fragment lons Produced In-Source and MS" Spectra.
J. Am. Soc. Mass Spectrom. (Just Accepted)
X. Yang, P. Neta, S. Stein. Quality Control for Building Libraries from Electrospray lonization Tandem Mass Spectra. Anal. Chem., 2014, 86: 6393-6400.




Dramatic Increase: Number of Compounds and Tandem Mass Spectra
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New Precursor lons and Mass Spectra

Positive Precursors:

(13,015 AR
[M+H-H,0]J*, [M+H-NH,]*, [M+H-OH]*,
[M+H+H,0]*, [M+NH,]*

[2M+H]*, [3M+H]*

[M+Na]*, [M-H+2Na]*, [M-2H+3Na]*,
[M+K]*, [M-H+2K]*, [M-2H+3K]",
[M+Li]*, [M-H+2Li]*, [M-2H+3Li]*

Negative Precursors:
@ [M-HT, [M-2H]%,

[M-H-H,0]", [M-H-NH,],

[M-H+H,0], [M-H+NH,]

[2M-H], [3M-H]

A

plus

@

2017 New Library

Isotopic Precursors with Cl, Br or Sn

Ms"

MS2 and MS* spectra of the most
intense peaks in the MS2 and MS3
spectra, respectively.

In-source Fragments: [M+H-neutral]*
[M-H-neutral]

Fragments from the original target
compound within the ESI source

2017 NIST Tandem MS Library



2017 NIST Tandem Mass Spectral Library

15,243 compounds Sugars, Surfactants,

= Gl Contaminants
Lipids ='Yeans Pesticides,

E3 \ \ Forensics etc.
574,826 spectra Bioactive 3,500 human
Peptides 10% Metabolites metabolites

Drugs human and plant])
60%

123,881 precursor ions

\

80% (+), 20% (-) 20% \

\
27% MS? of in-source \
1

17% MS" 400 dipeptides,

800 tryptic tripeptides

2017 NIST Tandem MS Library



Mass Spectra of Different Precursor lons and Instruments
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Annotating Product lons of Peptide Mass Spectra

Software for free download (.dll and .exe):

* Essential software for annotating millions of spectra for the NIST Peptide Mass Spectral Library;
* IgG, HSA, TMT, and ITRAQ spectra;

* p,v, b, 3, ¢, internal fragments;

e 104 neutral losses (35 from modifications); 39 fragments from modifications; 114 immonia;
955 modifications; internal fragments associated with proline.
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Spectra of Multiple Precursor lons for More Robust Compound Identification
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Inosine 5'-diphosphate acquired on HCD



MS? Spectra with Isotopic Precursors

monoisotopic
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MS" for Better Identifying Com

pounds
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lon Trap MS" for Distinguishing Isomers

. lon Tra . Fonm, | MS3
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In-source Fragmentation

* In-source Fragmentation: Fragments from the original target compound within the ESI source
at the same elution time

L_J Analyte

* Confirm compound identification

. . . . 2
* Identify common fragmentation artifacts and high repeated “unknown” spectra MS

* Let users be aware that the identified compounds might not be in their sample

* Help identify compounds that are not in the library

2017 NIST Tandem MS Library




In-source Fragmentation lons

108 ¢
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I N E
[M+H-HF]*
i ! O
107 L [M+H-CH.FO,]* g 0
5 [M+H-C,H,FO]* E
- O
- i [M+H-CH,FO,]* O
B M+H-C,H.FO.]* - + 372
2 | [ + R E5] E [M+H C2H5F04] 0 E [M+H-H3FO]+
[J] L
£ i 5 O E g E O
2 O % IZIE ] =
mit 0 0 ™ [M+Na]*
106 E E] 0 i |:| E [ ﬁ ]
- = O =l 0
[ = 0 = O
L B & = [M+H-CO]*
I T [M+H-C,H FO, ] IMHH-CHsFO,
105 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
200 250 300 350 400 450

m/z

2017 NIST Tandem MS Library



MS? Spectra of In-source Fragmentats in the Library
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ldentifying Metabolites Using the Tandem Mass Spectral Library

(0)
Human Plasma JIFLG, FICEE 257 Q o Human Urine

R NH
\Y 2
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231.0865 123.0538 270.0756
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In-source Fragmentation: the Identified Compound Might Not Be in the Sample

OH NH
B / \ ;
[ A
NH; J
Y gl 3-Indoleacrylic acid
-Inaoleacrylic acli
P-NH3 188.0705 146.0610 y
100+ 100+ NH
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ldentifying Metabolites by Searching the Negative Mode Spectra in the Library
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MS? of In-source Fragmentation for Identifying High Repeated “Unknown” Spectra
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Help Identify Compounds that Are Not in the Library

P-C3H3N30 55.0289

1 HCD
(0]
48eV -
s
P-C2H4N20 80.0241 HaoN NH N oot oH
““ K
50+ o
P-C2H5N30 65.0133
OH
D-CHSN3 930082  P-CH2N2 1100349 OH
P-NH3 135.0302
‘ ‘ ‘ P-NH3+H20 153.0408
0\""\""l"\"“""|!"‘\"‘|'\""|"|‘|“"\' T &
Y T
50 60 70 80 90 100 110 120 130 140 150 160
100- P-C3H3N30 55.0288
0]
P-C2H4N20 80.0240 HN/\T N\
50 ‘
P-C2H5N30 65.0132 )\ /
P-CH5N3 93.0081 P-CH2N2 110.0348
‘ ‘ ‘ ‘ P-NH3 135.0300 P-NH3+H20 153.0405
T T T T T 1 T T T T T
50 60 70 80 90 100 110 120 130 140 150 160

2017 NIST Tandem MS Library

Guanosine
[M+H-C.,H,O,]*

In-source fragment

Guanine
[M+H]*

Authentic



* We extended the tandem mass spectral library with a wider range
of compounds (including 3,500 human metabolites).

 The tandem mass spectral library was extended with spectra of
** in-source fragments
o MSP

\/

** Multiple precursor ions including isotopic precursors

* This comprehensive high quality reference library (15K compounds
with 124K precursor ions and 574K spectra) was tested and can be
used for accurate, fast and reliable compound identification.
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